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Abstract: Chronic inflammatory diseases (CIDs), including Crohn’s disease and ulcerative
colitis (inflammatory bowel diseases, IBD), rheumatoid arthritis, psoriasis, psoriatic arthritis,
spondyloarthritides, hidradenitis suppurativa, and immune-mediated uveitis, are treated with
biologics targeting the pro-inflammatory molecule tumour necrosis factor-α (TNF) (i.e., TNF
inhibitors). Approximately one-third of the patients do not respond to the treatment. Genetics
and lifestyle may affect the treatment results. The aims of this multidisciplinary collaboration are to
identify (1) molecular signatures of prognostic value to help tailor treatment decisions to an individual
likely to initiate TNF inhibitor therapy, followed by (2) lifestyle factors that support achievement of
optimised treatment outcome. This report describes the establishment of a cohort that aims to obtain
this information. Clinical data including lifestyle and treatment response and biological specimens
(blood, faeces, urine, and, in IBD patients, intestinal biopsies) are sampled prior to and while on TNF
inhibitor therapy. Both hypothesis-driven and data-driven analyses will be performed according
to pre-specified protocols including pathway analyses resulting from candidate gene expression
analyses and global approaches (e.g., metabolomics, metagenomics, proteomics). The final purpose
is to improve the lives of patients suffering from CIDs, by providing tools facilitating treatment
selection and dietary recommendations likely to improve the clinical outcome.
Keywords: biomarker; exercise; food; molecular epidemiology; personalized medicine; patient related
outcome measures (PROMs); red meat; smoking; treatment outcome; western style diet (WSD)
1. Introduction
Inflammatory bowel disease (IBD), encompassing Crohn’s Disease (CD) and ulcerative colitis
(UC), is a member of a large family of diseases of the immune system that results in chronic
inflammatory diseases (CIDs). Other CIDs are psoriasis (PsO), psoriatic arthritis (PsA), rheumatoid
arthritis (RA), spondyloarthritides (ankylosing spondylitis, spondyloarthropathy, spondyloarthritis),
spondylarthritis, AS), hidradenitis suppurativa (HS), and immune-mediated uveitis (UV).
CIDs have a large impact on individual patients and society. They are recurring, lifelong,
potentially early onset illnesses that substantially affect the life quality of the patients and their
families [1–3]. CIDs are complex diseases with both genetic and environmental factors involved in
the disease development. Some genetic and environmental susceptibility factors are shared between
the CIDs whereas other factors might differ [4–25]. CIDs are frequent; IBD affects up to 0.5% of
the population in the Western world [26] and RA and PsO have global prevalences of 0.3–1.0% and
1.5%, respectively [27,28]. Furthermore, the disease burden is predicted to rise dramatically due
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to population growth, increasing age, and increasing disease incidence [29–31]. Therefore, in the
future, a large and increasing challenge will be put on the health care system, as more patients will
need treatment.
Personalised medicine may help to improve medical treatment and optimise the use of the
health care resources. According to the EU: “Personalised Medicine refers to a medical model using
characterisation of individuals’ phenotypes and genotypes (e.g., molecular profiling, medical imaging,
lifestyle data) for tailoring the right therapeutic strategy for the right person at the right time, and/or
to determine the predisposition to disease and/or to deliver timely and targeted prevention” [32].
In order to be able to choose the right therapeutic strategy for patients, tools that are able to predict
treatment outcome are highly warranted. Drugs targeting the pro-inflammatory cytokine tumour
necrosis factor-α (TNF), the so-called TNF inhibitors, are used for severe CIDs [33–36] and act through
targeting and neutralising the effect of TNF, thereby diminishing the downstream effects of TNF.
However, the pharmacodynamics of anti-TNF drugs seem to depend on other factors than simply the
TNF-binding capacities [37]. Hence, their precise mechanism of action remains unclear. Nevertheless,
although TNF inhibitors have proven to be highly effective for a majority of patients, a significant
proportion of the patients do not respond to the treatment [38–41]. Thus genetics, environment in the
form of lifestyle, and gene-environment interactions may affect treatment outcomes.
We therefore set out to identify molecular signatures able to predict response from anti-TNF
therapy and to identify lifestyle factors that support achievement of optimal treatment outcomes. This
study protocol describes the establishment of a cohort in order to obtain this information. The ultimate
aim is to improve the lives of CID patients by providing tools for treatment selection and dietary
recommendations for improved treatment outcome.
2. Defining Study Hypotheses to Be Evaluated
2.1. Biomarkers Predicting Response to Anti-TNF Drugs
Genetic architecture may define patient responses to anti-TNF drugs [42–48]. Patients may not
respond to the treatment (i.e., “primary non-responders” due to, for example, genetics) or lose the
effect over time (i.e., “secondary non-responders” due to, for example, development of anti-TNF
antibodies) [37,49,50]. We have performed an exploratory study, where we found that a genetically
determined strong TNF-mediated inflammatory response was associated with beneficial (primary)
response to TNF inhibitor treatment, whereas genetically determined strong interleukin (IL)-1β, IL-6,
and interferon-γ (IFN) responses were associated with no-response [43]. However, variants in genes
encoding microbial-associated molecular pattern (MAMP) receptors such as Toll-like receptors (TLRs)
and nucleotide oligomerization domain (NOD)-like receptors (NLRs) have been associated with high
levels of TNF, IL-1β, and IL-6 in both humans and mouse IBD models [51]. These results suggest that
different genetic variants may result in similar molecular profiles. This interpretation is in accordance
with yet another study that found a significant increase in circulating levels of TNF, IL-1β, and IFN in
IBD patients as compared to healthy donors [52]. Whether genetic variants (that hold the advantage of
not changing over time) or, alternatively, molecular signatures (e.g., proteomics, metabolomics) may
potentially stratify patients according to expected treatment results thus warrants further investigations.
Therefore, one of the main hypotheses to be tested in the present study is whether specific genetic
profiles (including TNF, IL-1β, IL-6 and IFN, and IL-10) may be identified among the CID patients
that are associated with treatment outcome. IL-10 is included as it is associated with IBD [53,54] and
has been found to downregulate TNF and IL-1β [55,56]. Additionally, the molecular mechanism that
drives the inflammation in the individual patient will be sought identified.
2.2. Potential Lifestyle Factors That May Affect Treatment Response
We hypothesize that lifestyle factors, including diet, may impact treatment response to TNF
inhibitor therapy. Human and animal studies suggest that diet and other lifestyle factors may affect
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the host immune system by various mechanisms that could potentially promote either healing or
disease processes [57]. So far, very few high-quality prospective studies have evaluated the impact
of lifestyle factors on anti-TNF treatment. More studies have been found focusing on diet and IBD,
which intuitively connects with diet more than other CIDs. Therefore, the purpose of this section is to
identify potential lifestyle factors for further investigations in relation to anti-TNF therapy. In order
to explore different hypotheses, we have included studies that may be subject to recall bias, and bias
introduced by lifestyle changes due to the disease itself. For review of evidence-based impact of diet
on anti-TNF response, please refer to, for example, Richman and Rhodes [58] and Andersen et al. [59].
Lifestyle factors suggested affecting anti-TNF response:
• Smoking
In PsO, CD, and seropositive RA, smoking is associated with the risk of flaring disease and an
aggressive disease course, whereas in UC, former smoking is associated with risk of disease and
a severe course [60–65]. A gene-smoking interaction study found that smoking interacted with,
for example, NOD2 and IL10, and seven loci were found to interact differentially with CD and UC
(Yadav et al., accepted [66]).
• Physical activity
High physical activity was found to be associated with low risk of relapse in CD and UC [67].
The potential effects of physical training are, however, not clear. Moreover, high body mass index
may be involved in CIDs [68,69] and potentially in anti-TNF treatment. Macrophage accumulation in
adipose tissue leads to release of inflammatory mediators that may enhance chronic inflammation [70].
The increased infiltration of the visceral adipose tissue by macrophages and adipocytokines leads to an
inflammatory transformation of the visceral adipose tissue into creeping fat and potentially dysbiosis
and intestinal translocation of bacteria [70].
• Dietary fibres
Dietary fibres from grains, fruit, and vegetables are metabolised by the gut microbiome to short
chain fatty acids, including butyrate, propionate, and acetate, that represent important fuel for the
intestinal mucosa and are associated with mainly anti-inflammatory effects. We recently proposed a
mechanism whereby fibre intake may affect an anti-TNF response [71]. Low intake of dietary fibre
may potentially change the gut microbial metabolism from using microbially derived short chain fatty
acids to mucinous carbohydrates as the main energy source [72]. This might lead to degradation of the
mucus layer [73]. The resultant hydrogen sulphide from mucus degradation may further reduce the
disulphide bonds in the mucus network, rendering the mucus layer penetrable to bacteria and other
compounds [73,74]. The result is an exposure of the intestinal epithelium to microbes and potentially
other compounds. Next, molecular structures in microbes known as microbial- or pathogen-associated
molecular patterns may activate pattern-recognition receptors such as TLRs, thereby activating the
nuclear factor-kB (NFkB) signalling pathway, resulting in inflammation [75].
A nested case-control study using the Swedish Västerbotten Intervention Program (VIP) cohort
with a prospectively sampled dietary survey assessed dietary patterns among 386 individuals who
developed RA and 1886 matched controls. An association was found between the highest tertile of
carbohydrate-restricted diet and RA. However, the association was no longer statistically significant
after adjustment for sodium intake [76].
A study on the Nurses’ Health Study (NHS) prospective cohort found that high fibre intake was
associated with low risk of CD [13].
• Meat, protein, fat, and dietary sulphur
Red and processed meat is a rich source of protein, fat, and dietary sulphur that in various ways
may promote inflammation. For example, colonic bacterial fermentation may lead to the formation of
Nutrients 2017, 9, 499 5 of 16
pro-inflammatory branched chain fatty acids, ammonia (NH3), and hydrogen sulphide (H2S) [77,78].
Hydrogen sulphide resulting from high intake of meat and other sulphur-containing compounds may
reduce the disulphide bonds in the mucus network, rendering the mucus layer penetrable to bacteria
and other compounds [73,74]. Eventually, microbes may reach the epithelium and activate TLRs and
next the NFkB inflammatory pathway, as described above.
High intake of red meat and total protein has in a prospective cohort been associated with a risk
of developing inflammatory polyarthritis [25].
Another study suggested that high consumption of meat, particularly red and processed meat,
protein, and alcohol may increase the risk of relapse in patients with UC, and that high sulphur or
sulphate intake may offer an explanation for the observed increased likelihood of relapse [79].
On the other hand, high protein intake is recommended in some patients with active IBD
(1.2–1.5 g/kg/day in adults) relative to that recommended for the general population [80].
• n-3 and n-6 polyunsaturated fatty acids (PUFAs)
The essential n-6 PUFA linoleic acid is present in red meat (particularly beef and pork), various
cooking oils, and certain margarines. Linoleic acid undergoes metabolic conversion to arachidonic
acid. Arachidonic acid incorporated in the cell membrane may if released be metabolised to pro- and
anti-inflammatory eicosanoids (i.e., prostaglandins and leukotrienes). A study using the European
Prospective Investigation into Cancer and Nutrition (EPIC) cohort found that the highest quartile
of intake of linoleic acid was associated with an increased risk of UC (odds ratio (OR) = 2.49, 95%
confidence interval (CI) = 1.23 to 5.07, p = 0.01), whereas the highest quartile of intake of the n-3
PUFA docosahexaenoic acid was associated with a reduced risk of UC with an odds ratio of 0.23
(95% CI = 0.06 to 0.97) [81]. Another study of the same cohort found that the highest quintile of intake
of n-3 PUFA was associated with a reduced risk of CD (OR = 0.07; 95% CI = 0.02–0.81) [16].
• Vitamins and carotenoids
Vitamin D deficiency has been assessed in the NHS cohort and was found to be associated with
risk and severe disease course of CD [11,82], but not of RA [83].
A systematic review of prospective studies that examined dietary intake prior to the onset of
RA found that high consumption of olive oil, oil-rich fish, fruit, vegetables, and the carotenoid
beta-cryptoxanthin, a vitamin A precursor found in citrus, was suggested to protect against RA
development [84]. Another study of 56 UC patients in remission compared symptoms (abdominal
pain, faecal blood, mucus, and pus) with those recalled before diagnosis, and actual diet. A lack of
abdominal pain, faecal blood, faecal mucus, and faecal pus during remission or no increase in frequency
or intensity of symptoms compared to those observed before the UC diagnosis was interpreted as a
lack of the above-mentioned symptoms. The authors found that retinoid intake was associated with
changes of the symptoms [85].
• Sugar-sweetened soda
Finally, regular consumption of sugar-sweetened soda, but not diet soda, was found to be
associated with increased risk of seropositive RA in women, independent of other dietary and lifestyle
factors, in the prospective NHS study [86]. Another study suggested that the content of sulphite in soft
drinks may be causally involved in worsening UC [87].
2.3. Gene-Environment Interactions Predicting Response to Anti-TNF Drugs
Emerging data suggests that diet may affect metabolic functions in the gut in a way that may
out-compete genetically based differences. In a Fut2-deficient mouse model, differences in faecal
metabolites were found between Fut2-deficient and wild type mice on a control diet, a difference that
was lost while on a polysaccharide-deficient diet [88]. FUT2 encodes fucosyltransferase-2 (FUT2),
which mediates the inclusion of fucose in sugar moieties of glycoproteins, including those that are part
Nutrients 2017, 9, 499 6 of 16
of the intestinal mucus protecting the intestinal mucosa. Given that about 20% of the population has
inactive FUT2 [89], that FUT2 is associated with CD [89,90], and that products from mucus degradation
have been found to affect intestinal mucosal function [91], this example shows the potential importance
of diet and gene-diet interactions on treatment response.
3. Aims and Hypotheses
The purposes of the present study are twofold: (1) to identify molecular profiles of prognostic
value to help tailor treatment decisions to an individual or group of individuals with CID initiating
anti-TNF therapy (stratified medicine research); and (2) to identify a lifestyle that may support the
achievement of an optimal treatment response to TNF inhibitors.
4. Materials and Methods
4.1. Study Design
A prospective cohort study of anti-TNF naïve patients that initiate their first TNF inhibitor
treatment will be established. The patients will be investigated two times, before initiating anti-TNF
therapy and while on this therapy (T = 2). The endpoint is the treatment outcome defined as A:
Responder (drug-continuation) or B: Non-responder (B1: Drug-discontinuation due to lack of effect or
B2: Unacceptable side-effects). This evaluation will be based on disease activities, using clinical scores
and laboratory data, and shared decision making between patient and physician using standardized
guideline approved patient reported outcomes (PROMs) according to national guidelines for each CID
recommended in the respective national guidelines [92]. The enrolment period will start in 2017 and
run for 2 years.
4.2. Participants
In total, more than 300 CID patients will be enrolled including 45 CD patients and 55 UC patients.
Patients will be investigated before initiation of and on TNF inhibitors. Patients will be reinvestigated
14–16 weeks after initiation.
4.3. Clinical Data Sampling
Clinical data will consist of personal data (e.g., gender, age, weight, body mass index), health data
(e.g., diagnosis/diagnoses, year of diagnosis, medication, and comorbidity), disease activity (disease
activity scores, laboratory data, shared decision making between patient and physician using PROMs),
and lifestyle data (e.g., diet, smoking, alcohol consumption, physical activity). The first and the second
investigation will be similar except for the sampling of diet information on the second visit, where
only changes since the first visit will be registered.
Clinical data will be collected using a questionnaire and registries. Registry data will be
retrieved from the unique Danish registries using the Danish individual civil registration number
(CPR) including BIO-IBD [93], DANBIO [94], DERMBIO [95] (database on IBD, RA, HS, AS, PsA,
and PsO patients on biological therapy), the National Patient Registry (e.g., comorbidity), registries
on medication and use of receipts, local laboratory databases, and the electronic patient records.
In addition, The Danish Biobank and Patobanken will be used for retrieval of potential additional
biological samples. Clinical data (e.g., body weight, height, results of routine blood samples) will be
sampled. Furthermore, each participant will fill out a questionnaire, thereby providing information on
disease activity, quality of life, and lifestyle including diet. Disease activities and quality of life will
be registered by validated questionnaires (e.g., presence of abdominal pain, faecal blood, and altered
bowel habit [96], Mayo Clinic Score, Simple Clinical Colitis Activity Index (SCCAI), Harvey-Bradshaw
index (HBI), Health Assessment Questionnaire 1 (HAQ1), Short Health Scale (SHS), American College
of Rheumatology criteria (ARC 20/50/70), Psoriasis Area and Severity Index (PASI 75), HiSCR, uveitis
treatment failure, and Standardization of Uveitis Nomenclature for Reporting Clinical Data (SUN)).
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Lifestyle will be registered using a validated food-frequency questionnaire (FFQ) that includes portion
size and questions on smoking, physical activity, alcohol consumption, and use of over-the-counter
medicine (anti-diarrhoea agents and painkillers) [97,98]. The questionnaire is in Danish language.
All data will be stored in a secure research storage facility [99].
4.4. Biological Specimen Sampling
From all participants, blood, urine, and faeces will be sampled. In addition, IBD intestinal biopsies
will be sampled (Tables 1 and 2). In selected cases, additional biological material on participants from
this study may be retrieved from Patobanken and the Danish Biobank.
Table 1. Participant samples available for the study.
Participants Clinical Data Blood Faeces Urine Intestine
Before initiation of anti-TNF treatment
IBD 100 100 100 100 100
RA/others 220 220 220 220
On anti-TNF treatment
IBD 100 100 100 100 100
RA/others 220 220 220 220
Abbreviations: IBD, inflammatory bowel disease; RA, rheumatoid arthritis; others: psoriasis, psoriatic arthritis,
spondyloarthritides (ankylosing spondylitis, spondyloarthropathy, spondyloarthritis, spondylarthritis), hidradenitis
suppurativa, immune-mediated uveitis; anti-TNF, drugs targeting the pro-inflammatory cytokine tumour
necrosis factor-α.
Table 2. Overview of biological samples available for this study.
Biologic Material Participants Visits
Method Particip N Particip Non-IBD IBD Total
Blood EDTA all 320 440 200 640
Blood empty all 320 440 200 640
Blood heparin all 320 440 200 640
Blood Na-citrate all 320 440 200 640
Blood PAXgene all 320 440 200 640
Urine empty all 320 440 200 640
Faeces empty all 320 440 200 640
Faeces RNAlater all 320 440 200 640
Biopsies FFPE IBD 100 - 200 200
Biopsies RNAlater IBD 100 - 200 200
Biopsies N2 IBD 100 - 200 200
Samples are processed according to standard operating procedures (SOPs). Abbreviations: EDTA;
ethylenediaminoetetraacetic-acid, Particip; Participants, FFPE; formalin-fixed and paraffin embedded.
4.5. Biological Analyses
• Molecular analyses (genetics, transcriptomics, proteomics, metabolomics, gut microbiota).
• Fluorescent in situ hybridization (FISH) on formalin-fixed and paraffin-embedded intestinal tissue.
• Fatty acid distribution in erythrocytes.
• Plasma biomarkers for inflammatory and tissue degradation processes.
• Routine blood analyses (e.g., haemoglobin, leucocytes, HbA1c, cholesterol and lipoprotein
characterisation, C-reactive protein (CRP)).
• Advanced blood analyses (e.g., cytokines, interleukins, complement split products, sugar and
leucocyte activation markers, protein glycosylation).
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4.6. Data Analyses
We will use this rigorously designed, prospective cohort study to explore our ability to predict
clinical response across the conditions included, and explore whether diet is an informative prognostic
factor. Per default, the statistical model will include condition (any of the CID conditions included) and
clinical centre as fixed effects. Functional annotation of the identified single nucleotide polymorphisms
SNPs, gene prioritization, and pathway and tissue/cell type enrichment analyses will be performed
using publicly accessible databases (e.g., SIFT [100], DANN [101], HaploReg [102], GTEx [103],
DEPICT [104]). Development of a shared platform for data integration using advanced bioinformatics
tools is highly prioritized. Data will be integrated in a descriptive model of molecular signatures for
predicting treatment results and lifestyles supporting beneficial treatment results for the individual
patient. This model will be used for further exploitation using bioinformatics tools.
• We will identify lifestyle factors alone or combined (e.g., high meat and low fibre),
lifestyle-associated biomarkers, and molecular signatures associated with treatment response
among anti-TNF treated CID patients.
• We will evaluate shared and unique molecular signatures associated with treatment response
between the individual CIDs (e.g., gut microbial composition [105,106]).
• We will evaluate the mechanisms underlying specific dietary items by analysing their pathway
from intake to being metabolized. For example, for high meat intake we will evaluate the impact
on faeces microbes and metabolism, mucosal metabolism (in IBD patients) and immune response,
and urine metabolites.
• In addition, we will evaluate shared and unique molecular signatures associated with one or
more CIDs.
• We will validate surrogate markers (lifestyle-associated biomarkers) of lifestyle factors in a control
group of patients referred for endoscopic investigation that had a normal endoscopic examination.
These patients will be investigated once and undergo the same examinations as the IBD patients
at visit 1.
• We will explore potential gene-environment interactions and their biological
mechanisms in both CID and the control group (e.g., intake of red and processed
meat/cereal/fibre/fruit/vegetables/legumes/use of alcohol and IL10, FUT2, ABCB1, PTGS2,
NFKB1, IL1B, and TLRs).
Sample size considerations: It is a well-known difficulty for exploratory prognostic factor research
studies like this to formalize how many participants (i.e., with events) to include. In order to consider
an adequate number of outcome events, we are applying “the rule of thumb” that dictates that 10
outcome events are needed for each independent variable (possible predictors). We plan to enrol 320
patients in total, and anticipate that 50% of these will experience a clinical response during the 14–16
week period after therapy with TNF inhibitors is initiated. With this in mind, in anticipating that we
will see at least 160 clinical responses (among the 320 patients), we will have a reasonable power to
explore the impact of as many as 16 independent (predictor) variables (including condition and clinical
centre). If we focus on the contrast between groups, for a comparison of two independent binomial
proportions using Pearson’s Chi-square statistic with a Chi-square approximation with a two-sided
significance level of 0.05 (p < 0.05), a total sample size of 318 assuming an allocation ratio of 1 to 2 has
an approximate power of 0.924 (i.e., >90% statistical power) when the proportions responding are 60%
and 40%, respectively).
4.7. Evaluation of Results with Potential Interest for Patient Care or the Public in Other Cohorts
Efforts will be made to replicate interesting findings with potential prognostic value in other
cohorts of anti-TNF treated patients (via the International IBD Genetic Consortium (IIBDGC) and other
consortia, including German and Spanish cohorts of anti-TNF treated IBD and RA patients) and in
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other cohorts of CID patients (e.g., gene-environment analyses of CID cases from the Danish “Diet,
Health and Cancer” cohort and potentially other cohorts with lifestyle data [107,108]).
4.8. Organisation and Patient Research Partners (PRPs)
We have chosen a multidisciplinary approach, ensuring that the highest competences are present
for study planning and accomplishment. The project has been organised with a Clinical Research
Group and an Analytical Research Group. The clinical group includes representatives from the
medical, gastroenterological, rheumatological, dermatological, and ophthalmological departments
that are sampling the cohort. The analytical group will perform the analyses on the biological material.
Furthermore, the project has been organised with a steering committee including the project initiator
(Principal Investigator (PI)). The steering committee is responsible for the scientific follow-up and will
be organising meetings for the involved parties. The PI has planned and organised the study and is
responsible for legal permissions. The whole group including clinicians and analysts is responsible for
the scientific results and the budget.
Collaboration between patients and health care professionals on research projects is relatively
new [109–111]. Involvement of patients in research (patients research partners (PRPs)) should
result in patients’ views, for example, on prioritising being heard and incorporated. Furthermore,
individual patients and patient organisations may help in designing research studies, preparing
information material, discussing results, dissemination of results, and recruitment of study participants.
Recommendations include relevant support to and education of PRPs. With this initiative, we want to
get experiences with using PRPs. This project includes the Danish Colitis-Crohn Association, which is
represented by director Charlotte Lindgaard Nielsen, the Danish Psoriasis Association represented by
director Lars Werner, and two individual RA patients from one of the involved departments.
4.9. Dissemination of Results to the Public and Scientifically
Target journals include nutritional journals and specific journals for immunology, gastroenterology,
rheumatology, dermatology, and ophthalmology. In addition to the scientific reporting of results, major
findings with translational implications will be communicated to health care professionals, patient
organisations, public health policy makers, and to the general public through various media and
news activities.
4.10. Ethics
Written informed consent will be obtained from all participants before participation in the study.
The project has been approved by The Regional Scientific Ethical Committee (S-20160124) and the
Danish Data Protection Agency (2008-58-035).
5. Discussion
This project overview describes a series of studies that will reveal prognostic factors of interest for
the management of patients with CIDs. Thus, the establishment of a prospective cohort will hopefully
help improve the lives of CID patients by providing dietary recommendations that support optimal
outcomes of anti-TNF treatment and tools for selecting the right treatment for the right patient.
Identifying the molecular mechanism that drives the inflammation in the individual patient may
represent a therapeutic target [43]. The reason that drugs targeting, for example, IL-1β have not shown
efficiency in clinical trials could be due to the fact that the drug was tested on unselected groups of
patients. Yet, the drug may have an effect on a subgroup of patients selected on the basis of their
individual genetic profile. In accordance, blockades of IL-1β (Anakinra) and IL-6 (Tocilizumab) have
shown efficiency in some patients with RA, PsO, and UV [112–116].
Among the advantages of the study is the prospective design, i.e., the treatment results are not
known at the time of the sampling of lifestyle factors, and the well-characterised study participants,
both clinically and biologically. The Danish registries, including databases on the various anti-TNF
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treated CIDs, the National Patient Registry, local databases, and electronic patient records, are to be
used to retrieve data for characterisation of the patients.
One disadvantage of the study is the large questionnaire of lifestyle, quality of life, and disease
activity that has to be answered by the participants. In addition, relatively low numbers of participants
will be collected. Therefore, in order to increase power, we will collaborate with other similar projects
going on in, for example, IIBDGC and other large consortia. In fact, we are currently performing
genome-wide genotyping of more than 2500 Danish CID patients with response data to anti-TNF
therapy. Thereby, we will identify new candidate genes for defining the outcome of TNF inhibitors.
These candidate genes can be further evaluated in the current cohort including genotype-phenotype
characterisation. Additionally, in the near future, other cohorts for studying impact of diet on treatment
response will emerge and offer collaborative possibilities.
As this study is an explorative study and because of the number of tests, most of the obtained
results should be replicated in other cohorts before their validity can be assessed.
6. Conclusions
According to the Strategic Research and Innovation Agenda (SRIA), European Union,
“Personalised Medicine represents one of the most innovative new concepts in health care. It holds real
promise for more effective early diagnosis and more effective and less toxic treatments for patients, for
improved medical service to citizens, and for improving the overall health of the population” [32]. CIDs
are some of the most challenging medical conditions; they affect a huge number of persons, in many
cases through large parts of their lives. Molecular profiles may identify the driving mechanisms
in the diseased individuals and may serve as guidance for treatment selection and for lifestyle
recommendations that may eventually improve the lives of the patients.
Acknowledgments: “Knud og Edith Eriksens mindefond”, Region of Southern Denmark, University of Southern
Denmark (V. Andersen, U. Holmskov). The Parker Institute, Bispebjerg and Frederiksberg Hospital (R. Christensen
& B. Heitmann) is supported by a core grant from the Oak Foundation (OCAY-13-309). “This project is part of a
project that has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No. 733100” (V. Andersen, A. Franke, P. Rosenstiel, J. Raes).
Author Contributions: V.A. wrote the first draft and all authors read and commented the manuscript. All authors
accepted the final submitted version.
Conflicts of Interest: U.H., S.B.S., M.J., K.W.A., A.B., L.H., J.G., J.W., H.G., U.F., J.V., S.K., S.M., T.K., J.B., J.F., J.D.,
O.H.N., R.C., A.B.B., G.S., S.T., N.F., I.B., A.S., E.S., A.F., D.E., P.R., J.R., M.B., C.N., L.W., J.K. and T.E. declare
no conflicts of interest. B.H. has received funding from “MatPrat”, the information office for Norwegian egg
and meat. L.H. is in the advisory board for AbbVie. J.F. is in advisory boards for AbbVie, M.S.D., Takeda, and
Ferring. V.A. receives compensation for consultancy and for being a member of an advisory board from M.S.D.
(Merck) and Janssen. The funding sponsors had no role in the design of the study, in the collection, analyses, or
interpretation of data, in the writing of the manuscript, or in the decision to publish the results.
References
1. Baumgart, D.C.; Carding, S.R. Inflammatory bowel disease: Cause and immunobiology. Lancet 2007, 369,
1627–1640. [CrossRef]
2. Baumgart, D.C.; Sandborn, W.J. Inflammatory bowel disease: Clinical aspects and established and evolving
therapies. Lancet 2007, 369, 1641–1657. [CrossRef]
3. Strober, W.; Fuss, I.; Mannon, P. The fundamental basis of inflammatory bowel disease. J. Clin. Investig. 2007,
117, 514–521. [CrossRef] [PubMed]
4. Lettre, G.; Rioux, J.D. Autoimmune diseases: Insights from genome-wide association studies. Hum. Mol.
Genet. 2008, 17, R116–R121. [CrossRef] [PubMed]
5. Ellinghaus, D.; Jostins, L.; Spain, S.L.; Cortes, A.; Bethune, J.; Han, B.; Park, Y.R.; Raychaudhuri, S.;
Pouget, J.G.; Hubenthal, M.; et al. Analysis of five chronic inflammatory diseases identifies 27 new
associations and highlights disease-specific patterns at shared loci. Nat. Genet. 2016, 48, 510–518. [CrossRef]
[PubMed]
Nutrients 2017, 9, 499 11 of 16
6. Liu, J.Z.; van Sommeren, S.; Huang, H.; Ng, S.C.; Alberts, R.; Takahashi, A.; Ripke, S.; Lee, J.C.; Jostins, L.;
Shah, T.; et al. Association analyses identify 38 susceptibility loci for inflammatory bowel disease and
highlight shared genetic risk across populations. Nat. Genet. 2015, 47, 979–986. [CrossRef] [PubMed]
7. Cortes, A.; Hadler, J.; Pointon, J.P.; Robinson, P.C.; Karaderi, T.; Leo, P.; Cremin, K.; Pryce, K.; Harris, J.;
Lee, S.; et al. Identification of multiple risk variants for ankylosing spondylitis through high-density
genotyping of immune-related loci. Nat. Genet. 2013, 45, 730–738. [CrossRef] [PubMed]
8. Bowes, J.; Budu-Aggrey, A.; Huffmeier, U.; Uebe, S.; Steel, K.; Hebert, H.L.; Wallace, C.; Massey, J.; Bruce, I.N.;
Bluett, J.; et al. Dense genotyping of immune-related susceptibility loci reveals new insights into the genetics
of psoriatic arthritis. Nat. Commun. 2015, 6, 6046. [CrossRef] [PubMed]
9. Okada, Y.; Wu, D.; Trynka, G.; Raj, T.; Terao, C.; Ikari, K.; Kochi, Y.; Ohmura, K.; Suzuki, A.; Yoshida, S.; et al.
Genetics of rheumatoid arthritis contributes to biology and drug discovery. Nature 2014, 506, 376–381.
[CrossRef] [PubMed]
10. Tsoi, L.C.; Spain, S.L.; Knight, J.; Ellinghaus, E.; Stuart, P.E.; Capon, F.; Ding, J.; Li, Y.; Tejasvi, T.;
Gudjonsson, J.E.; et al. Identification of 15 new psoriasis susceptibility loci highlights the role of innate
immunity. Nat. Genet. 2012, 44, 1341–1348. [CrossRef] [PubMed]
11. Ananthakrishnan, A.N.; Khalili, H.; Higuchi, L.M.; Bao, Y.; Korzenik, J.R.; Giovannucci, E.L.; Richter, J.M.;
Fuchs, C.S.; Chan, A.T. Higher predicted vitamin d status is associated with reduced risk of Crohn’s disease.
Gastroenterology 2012, 142, 482–489. [CrossRef] [PubMed]
12. Ananthakrishnan, A.N.; Khalili, H.; Konijeti, G.G.; Higuchi, L.M.; de Silva, P.; Fuchs, C.S.; Willett, W.C.;
Richter, J.M.; Chan, A.T. Long-term intake of dietary fat and risk of ulcerative colitis and Crohn’s disease.
Gut 2014, 63, 776–784. [CrossRef] [PubMed]
13. Ananthakrishnan, A.N.; Khalili, H.; Konijeti, G.G.; Higuchi, L.M.; de Silva, P.; Korzenik, J.R.; Fuchs, C.S.;
Willett, W.C.; Richter, J.M.; Chan, A.T. A prospective study of long-term intake of dietary fiber and risk of
Crohn’s disease and ulcerative colitis. Gastroenterology 2013, 145, 970–977. [CrossRef] [PubMed]
14. Ananthakrishnan, A.N.; Khalili, H.; Song, M.; Higuchi, L.M.; Richter, J.M.; Chan, A.T. Zinc intake and risk
of Crohn’s disease and ulcerative colitis: A prospective cohort study. Int. J. Epidemiol. 2015, 44, 1995–2005.
[CrossRef] [PubMed]
15. Ananthakrishnan, A.N.; Khalili, H.; Song, M.; Higuchi, L.M.; Richter, J.M.; Nimptsch, K.; Wu, K.; Chan, A.T.
High school diet and risk of Crohn’s disease and ulcerative colitis. Inflamm. Bowel Dis. 2015, 21, 2311–2319.
[PubMed]
16. Chan, S.S.; Luben, R.; Olsen, A.; Tjonneland, A.; Kaaks, R.; Lindgren, S.; Grip, O.; Bergmann, M.M.;
Boeing, H.; Hallmans, G.; et al. Association between high dietary intake of the n-3 polyunsaturated fatty
acid docosahexaenoic acid and reduced risk of Crohn’s disease. Aliment. Pharmacol. Ther. 2014, 39, 834–842.
[CrossRef] [PubMed]
17. Chan, S.S.; Luben, R.; Olsen, A.; Tjonneland, A.; Kaaks, R.; Teucher, B.; Lindgren, S.; Grip, O.; Key, T.;
Crowe, F.L.; et al. Body mass index and the risk for Crohn’s disease and ulcerative colitis: Data from
a european prospective cohort study (the IBD in EPIC study). Am. J. Gastroenterol. 2013, 108, 575–582.
[CrossRef] [PubMed]
18. Chan, S.S.; Luben, R.; van Schaik, F.; Oldenburg, B.; Bueno-de-Mesquita, H.B.; Hallmans, G.; Karling, P.;
Lindgren, S.; Grip, O.; Key, T.; et al. Carbohydrate intake in the etiology of Crohn’s disease and ulcerative
colitis. Inflamm. Bowel Dis. 2014, 20, 2013–2021. [CrossRef] [PubMed]
19. John, S.; Luben, R.; Shrestha, S.S.; Welch, A.; Khaw, K.T.; Hart, A.R. Dietary n-3 polyunsaturated fatty acids
and the aetiology of ulcerative colitis: A UK prospective cohort study. Eur. J. Gastroenterol. Hepatol. 2010, 22,
602–606. [CrossRef] [PubMed]
20. De Silva, P.S.; Luben, R.; Shrestha, S.S.; Khaw, K.T.; Hart, A.R. Dietary arachidonic and oleic acid intake in
ulcerative colitis etiology: A prospective cohort study using 7-day food diaries. Eur. J. Gastroenterol. Hepatol.
2014, 26, 11–18. [CrossRef] [PubMed]
21. De Silva, P.S.; Olsen, A.; Christensen, J.; Schmidt, E.B.; Overvaad, K.; Tjonneland, A.; Hart, A.R.
An association between dietary arachidonic acid, measured in adipose tissue, and ulcerative colitis.
Gastroenterology 2010, 139, 1912–1917. [CrossRef] [PubMed]
22. Hart, A.R.; Luben, R.; Olsen, A.; Tjonneland, A.; Linseisen, J.; Nagel, G.; Berglund, G.; Lindgren, S.; Grip, O.;
Key, T.; et al. Diet in the aetiology of ulcerative colitis: A European prospective cohort study. Digestion 2008,
77, 57–64. [CrossRef] [PubMed]
Nutrients 2017, 9, 499 12 of 16
23. Opstelten, J.; Leenders, M.; Dik, V.; Chan, S.; van Schaik, F.; Siersema, P.; Bueno-de-Mesquita, B.; Hart, A.;
Oldenburg, B. Dairy products, dietary calcium and the risk of inflammatory bowel disease: Results from a
european prospective cohort investigation. J. Crohns Colitis 2016, 10, S462. [CrossRef] [PubMed]
24. Lahiri, M.; Luben, R.N.; Morgan, C.; Bunn, D.K.; Marshall, T.; Lunt, M.; Verstappen, S.M.; Symmons, D.P.;
Khaw, K.T.; Wareham, N.; et al. Using lifestyle factors to identify individuals at higher risk of inflammatory
polyarthritis (results from the European prospective investigation of cancer-norfolk and the Norfolk arthritis
register—The epic-2-noar study). Ann. Rheum. Dis. 2014, 73, 219–226. [CrossRef] [PubMed]
25. Pattison, D.J.; Symmons, D.P.; Lunt, M.; Welch, A.; Luben, R.; Bingham, S.A.; Khaw, K.T.; Day, N.E.;
Silman, A.J. Dietary risk factors for the development of inflammatory polyarthritis: Evidence for a role of
high level of red meat consumption. Arthritis Rheum. 2004, 50, 3804–3812. [CrossRef] [PubMed]
26. Molodecky, N.A.; Soon, I.S.; Rabi, D.M.; Ghali, W.A.; Ferris, M.; Chernoff, G.; Benchimol, E.I.; Panaccione, R.;
Ghosh, S.; Barkema, H.W.; et al. Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology 2012, 142, 46–54. [CrossRef] [PubMed]
27. World Health Organization. Available online: http://www.Who.Int/Chp/Topics/Rheumatic/En/ (accessed
on 20 February 2017).
28. Poddubnyy, D.; Rudwaleit, M. Efficacy and safety of adalimumab treatment in patients with rheumatoid
arthritis, ankylosing spondylitis and psoriatic arthritis. Expert Opin. Drug Saf. 2011, 10, 655–673. [CrossRef]
[PubMed]
29. Cross, M.; Smith, E.; Hoy, D.; Carmona, L.; Wolfe, F.; Vos, T.; Williams, B.; Gabriel, S.; Lassere, M.;
Johns, N.; et al. The global burden of rheumatoid arthritis: Estimates from the global burden of disease 2010
study. Ann. Rheum. Dis. 2014, 73, 1316–1322. [CrossRef] [PubMed]
30. Parisi, R.; Symmons, D.P.; Griffiths, C.E.; Ashcroft, D.M. Global epidemiology of psoriasis: A systematic
review of incidence and prevalence. J. Investig. Dermatol. 2013, 133, 377–385. [CrossRef] [PubMed]
31. Kaplan, G.G. The global burden of IBD: From 2015 to 2025. Nat. Rev. Gastroenterol. Hepatol. 2015, 12, 720–727.
[CrossRef] [PubMed]
32. PERMED. Available online: http://permed2020.Eu/ (accessed on 26 October 2015).
33. Cordero-Coma, M.; Sobrin, L. Anti-tumor necrosis factor-alpha therapy in uveitis. Surv. Ophthalmol. 2015,
60, 575–589. [CrossRef] [PubMed]
34. Acosta-Colman, I.; Palau, N.; Tornero, J.; Fernandez-Nebro, A.; Blanco, F.; Gonzalez-Alvaro, I.; Canete, J.D.;
Maymo, J.; Ballina, J.; Fernandez-Gutierrez, B.; et al. GWAS replication study confirms the association
of PDE3A-SLCO1C1 with anti-TNF therapy response in rheumatoid arthritis. Pharmacogenomics 2013, 14,
727–734. [CrossRef] [PubMed]
35. Geiler, J.; Buch, M.; McDermott, M.F. Anti-TNF treatment in rheumatoid arthritis. Curr. Pharm. Des. 2011, 17,
3141–3154. [CrossRef] [PubMed]
36. Nielsen, O.H.; Ainsworth, M.A. Tumor necrosis factor inhibitors for inflammatory bowel disease. N. Engl.
J. Med. 2013, 369, 754–762. [CrossRef] [PubMed]
37. Pedersen, J.; Coskun, M.; Soendergaard, C.; Salem, M.; Nielsen, O.H. Inflammatory pathways of importance
for management of inflammatory bowel disease. World J. Gastroenterol. 2014, 20, 64–77. [CrossRef] [PubMed]
38. Rutgeerts, P.; Sandborn, W.J.; Feagan, B.G.; Reinisch, W.; Olson, A.; Johanns, J.; Travers, S.; Rachmilewitz, D.;
Hanauer, S.B.; Lichtenstein, G.R.; et al. Infliximab for induction and maintenance therapy for ulcerative
colitis. N. Engl. J. Med. 2005, 353, 2462–2476. [CrossRef] [PubMed]
39. Schreiber, S.; Khaliq-Kareemi, M.; Lawrance, I.C.; Thomsen, O.O.; Hanauer, S.B.; McColm, J.; Bloomfield, R.;
Sandborn, W.J. Maintenance therapy with certolizumab pegol for Crohn’s disease. N. Engl. J. Med. 2007, 357,
239–250. [CrossRef] [PubMed]
40. Colombel, J.F.; Sandborn, W.J.; Rutgeerts, P.; Enns, R.; Hanauer, S.B.; Panaccione, R.; Schreiber, S.;
Byczkowski, D.; Li, J.; Kent, J.D.; et al. Adalimumab for maintenance of clinical response and remission in
patients with Crohn’s disease: The charm trial. Gastroenterology 2007, 132, 52–65. [CrossRef] [PubMed]
41. Hanauer, S.B.; Feagan, B.G.; Lichtenstein, G.R.; Mayer, L.F.; Schreiber, S.; Colombel, J.F.; Rachmilewitz, D.;
Wolf, D.C.; Olson, A.; Bao, W.; et al. Maintenance infliximab for Crohn’s disease: The ACCENT I randomised
trial. Lancet 2002, 359, 1541–1549. [CrossRef]
42. Coto-Segura, P.; Batalla, A.; Gonzalez-Fernandez, D.; Gomez, J.; Santos-Juanes, J.; Queiro, R.; Alonso, B.;
Iglesias, S.; Coto, E. Cdkal1 gene variants affect the anti-TNF response among psoriasis patients.
Int. Immunopharmacol. 2015, 29, 947–949. [CrossRef] [PubMed]
Nutrients 2017, 9, 499 13 of 16
43. Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, J.B.;
Rashid, S.; Rasmussen, B.K.; et al. Associations between functional polymorphisms in the NF kappa B
signaling pathway and response to anti-TNF treatment in Danish patients with inflammatory bowel disease.
Pharmacogenom. J. 2014, 14, 526–534. [CrossRef] [PubMed]
44. Hübenthal, M.F.A.; Andersen, V. On behalf of The Danish anti-TNF study group. In Genome-Wide Study of
Anti-TNF Response in Inflammatory Bowel Diseases; EUG Week: Barcelona, Spain, 2014.
45. Bek, S.; Nielsen, J.V.; Bojesen, A.B.; Franke, A.; Bank, S.; Vogel, U.; Andersen, V. Systematic review: Genetic
biomarkers associated with anti-TNF treatment response in inflammatory bowel diseases. Aliment. Pharmacol.
Ther. 2016, 44, 554–567. [CrossRef] [PubMed]
46. Sode, J.; Heegaard, N.H.H.; Locht, H.; Vogel, U.; Bank, S.; Hetland, M.L.; Andersen, V. Functional single
nucleotide polymorphisms in the interferon-gamma and the Nlrp3 (cryopyrin) genes associated with
anti-TNF response in Danish rheumatoid arthritis patients. Arthritis Rheum. 2013, 65, S1002–S1003.
47. Sode, J.; Vogel, U.; Bank, S.; Andersen, P.S.; Hetland, M.L.; Locht, H.; Heegaard, N.H.; Andersen, V.
Confirmation of an IRAK3 polymorphism as a genetic marker predicting response to anti-TNF treatment in
rheumatoid arthritis. Pharmacogenom. J. 2016. [CrossRef] [PubMed]
48. Sode, J.; Vogel, U.; Bank, S.; Andersen, P.S.; Hetland, M.L.; Locht, H.; Heegaard, N.H.H.; Andersen, V.
Genetic variations in pattern recognition receptor loci are associated with anti-TNF response in patients with
rheumatoid arthritis. PLoS ONE 2015, 10, e0139781. [CrossRef] [PubMed]
49. Dignass, A.; Van Assche, G.; Lindsay, J.O.; Lemann, M.; Soderholm, J.; Colombel, J.F.; Danese, S.; D’Hoore, A.;
Gassull, M.; Gomollon, F.; et al. The second European evidence-based consensus on the diagnosis and
management of Crohn’s disease: Current management. J. Crohn’s Colitis 2010, 4, 28–62. [CrossRef] [PubMed]
50. Dignass, A.; Lindsay, J.O.; Sturm, A.; Windsor, A.; Colombel, J.F.; Allez, M.; D’Haens, G.; D’Hoore, A.;
Mantzaris, G.; Novacek, G.; et al. Second European evidence-based consensus on the diagnosis and
management of ulcerative colitis part 2: Current management. J. Crohn’s Colitis 2012, 6, 991–1030. [CrossRef]
[PubMed]
51. Karki, R.; Man, S.M.; Malireddi, R.K.; Kesavardhana, S.; Zhu, Q.; Burton, A.R.; Sharma, B.R.; Qi, X.;
Pelletier, S.; Vogel, P.; et al. NLRC3 is an inhibitory sensor of PI3K-mTOR pathways in cancer. Nature 2016,
540, 583–587. [CrossRef] [PubMed]
52. Singh, U.P.; Singh, N.P.; Murphy, E.A.; Price, R.L.; Fayad, R.; Nagarkatti, M.; Nagarkatti, P.S. Chemokine and
cytokine levels in inflammatory bowel disease patients. Cytokine 2016, 77, 44–49. [CrossRef] [PubMed]
53. Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, J.B.;
Rashid, S.; Rasmussen, B.K.; et al. Polymorphisms in the inflammatory pathway genes TLR2, TLR4, TLR9,
LY96, NFKBIA, NFKB1, TNFA, TNFRSF1A, IL6R, IL10, IL23R, PTPN22, and PPARG are associated with
susceptibility of inflammatory bowel disease in a Danish cohort. PLoS ONE 2014, 9, e98815. [CrossRef]
[PubMed]
54. Andersen, V.; Ernst, A.; Christensen, J.; Ostergaard, M.; Jacobsen, B.A.; Tjonneland, A.; Krarup, H.B.; Vogel, U.
The polymorphism rs3024505 proximal to IL-10 is associated with risk of ulcerative colitis and Crohns disease
in a Danish case-control study. BMC Med. Genet. 2010. [CrossRef] [PubMed]
55. Li, B.; Gurung, P.; Malireddi, R.K.; Vogel, P.; Kanneganti, T.D.; Geiger, T.L. IL-10 engages macrophages to
shift Th17 cytokine dependency and pathogenicity during T-cell-mediated colitis. Nat. Commun. 2015, 6,
6131. [CrossRef] [PubMed]
56. Schreiber, S.; Heinig, T.; Thiele, H.G.; Raedler, A. Immunoregulatory role of interleukin 10 in patients with
inflammatory bowel disease. Gastroenterology 1995, 108, 1434–1444. [CrossRef]
57. Andersen, V.; Olsen, A.; Carbonnel, F.; Tjonneland, A.; Vogel, U. Diet and risk of inflammatory bowel disease.
Dig. Liver Dis. 2012, 44, 185–194. [CrossRef] [PubMed]
58. Richman, E.; Rhodes, J.M. Review article: Evidence-based dietary advice for patients with inflammatory
bowel disease. Aliment. Pharmacol. Ther. 2013, 38, 1156–1171. [CrossRef] [PubMed]
59. Andersen, V.; Hansen, A.K.; Heitmann, A.B. Potential impact of diet on treatment effect from anti-TNF drugs
in inflammatory bowel disease. Nutrients 2017. [CrossRef] [PubMed]
60. Mahid, S.S.; Minor, K.S.; Soto, R.E.; Hornung, C.A.; Galandiuk, S. Smoking and inflammatory bowel disease:
A meta-analysis. Mayo Clin. Proc. 2006, 81, 1462–1471. [CrossRef] [PubMed]
Nutrients 2017, 9, 499 14 of 16
61. Klareskog, L.; Malmstrom, V.; Lundberg, K.; Padyukov, L.; Alfredsson, L. Smoking, citrullination and genetic
variability in the immunopathogenesis of rheumatoid arthritis. Semin. Immunol. 2011, 23, 92–98. [CrossRef]
[PubMed]
62. Li, W.; Han, J.; Choi, H.K.; Qureshi, A.A. Smoking and risk of incident psoriasis among women and men in
the United States: A combined analysis. Am. J. Epidemiol. 2012, 175, 402–413. [CrossRef] [PubMed]
63. Higuchi, L.M.; Khalili, H.; Chan, A.T.; Richter, J.M.; Bousvaros, A.; Fuchs, C.S. A prospective study of
cigarette smoking and the risk of inflammatory bowel disease in women. Am. J. Gastroenterol. 2012, 107,
1399–1406. [CrossRef] [PubMed]
64. Costenbader, K.H.; Feskanich, D.; Mandl, L.A.; Karlson, E.W. Smoking intensity, duration, and cessation,
and the risk of rheumatoid arthritis in women. Am. J. Med. 2006, 119, 503.e1–503.e9. [CrossRef] [PubMed]
65. Setty, A.R.; Curhan, G.; Choi, H.K. Smoking and the risk of psoriasis in women: Nurses’ health study II.
Am. J. Med. 2007, 120, 953–959. [CrossRef] [PubMed]
66. Yadav, P.; Ellinghaus, D.; Rémy, G.; Freitag-Wolf, S.; Cesaro, A.; Degenhardt, F.; Boucher, G.; Delacre, M.; The
International IBD Genetics Consortium (IIBDGC); Peyrin-Biroulet, L.; et al. Genetic factors interact with
tobacco smoke to modify risk for inflammatory bowel disease in humans and mice. Gastroenterology 2017.
[CrossRef]
67. Jones, P.D.; Kappelman, M.D.; Martin, C.F.; Chen, W.; Sandler, R.S.; Long, M.D. Exercise decreases risk of
future active disease in patients with inflammatory bowel disease in remission. Inflamm. Bowel Dis. 2015, 21,
1063–1071. [CrossRef] [PubMed]
68. Wolk, K.; Mallbris, L.; Larsson, P.; Rosenblad, A.; Vingard, E.; Stahle, M. Excessive body weight and smoking
associates with a high risk of onset of plaque psoriasis. Acta Derm. Venereol. 2009, 89, 492–497. [CrossRef]
[PubMed]
69. Oliver, J.E.; Silman, A.J. Risk factors for the development of rheumatoid arthritis. Scand. J. Rheumatol. 2006,
35, 169–174. [CrossRef] [PubMed]
70. Bilski, J.; Mazur-Bialy, A.I.; Wierdak, M.; Brzozowski, T. The impact of physical activity and nutrition on
inflammatory bowel disease: The potential role of cross talk between adipose tissue and skeletal muscle.
J. Physiol. Pharmacol. 2013, 64, 143–155. [PubMed]
71. Bank, S.; Andersen, P.S.; Burisch, J.; Pedersen, N.; Roug, S.; Galsgaard, J.; Turino, S.Y.; Brodersen, J.B.;
Rashid, S.; Rasmussen, B.K.; et al. Genetically determined high activity of IL-12 and IL-18 in ulcerative colitis
and TLR5 in Crohns disease were associated with non-response to anti-TNF therapy. Pharmacogenom. J. 2017.
[CrossRef] [PubMed]
72. Desai, M.S.; Seekatz, A.M.; Koropatkin, N.M.; Kamada, N.; Hickey, C.A.; Wolter, M.; Pudlo, N.A.; Kitamoto, S.;
Terrapon, N.; Muller, A.; et al. A dietary fiber-deprived gut microbiota degrades the colonic mucus barrier
and enhances pathogen susceptibility. Cell 2016, 167, 1339–1353. [CrossRef] [PubMed]
73. Gibson, G.R.; Macfarlane, G.T.; Cummings, J.H. Sulphate reducing bacteria and hydrogen metabolism in the
human large intestine. Gut 1993, 34, 437–439. [CrossRef] [PubMed]
74. Ijssennagger, N.; van der Meer, R.; van Mil, S.W. Sulfide as a mucus barrier-breaker in inflammatory bowel
disease? Trends Mol. Med. 2016, 22, 190–199. [CrossRef] [PubMed]
75. Maloy, K.J.; Powrie, F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011,
474, 298–306. [CrossRef] [PubMed]
76. Sundstrom, B.; Johansson, I.; Rantapaa-Dahlqvist, S. Diet and alcohol as risk factors for rheumatoid arthritis:
A nested case-control study. Rheumatol. Int. 2015, 35, 533–539. [CrossRef] [PubMed]
77. Hamer, H.M.; De Preter, V.; Windey, K.; Verbeke, K. Functional analysis of colonic bacterial metabolism:
Relevant to health? Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 302, G1–G9. [CrossRef] [PubMed]
78. Windey, K.; De Preter, V.; Verbeke, K. Relevance of protein fermentation to gut health. Mol. Nutr. Food Res.
2012, 56, 184–196. [CrossRef] [PubMed]
79. Jowett, S.L.; Seal, C.J.; Pearce, M.S.; Phillips, E.; Gregory, W.; Barton, J.R.; Welfare, M.R. Influence of dietary
factors on the clinical course of ulcerative colitis: A prospective cohort study. Gut 2004, 53, 1479–1484.
[CrossRef] [PubMed]
80. Forbes, A.; Escher, J.; Hebuterne, X.; Klek, S.; Krznaric, Z.; Schneider, S.; Shamir, R.; Stardelova, K.;
Wierdsma, N.; Wiskin, A.E.; et al. Espen guideline: Clinical nutrition in inflammatory bowel disease.
Clin. Nutr. 2017, 36, 321–347. [CrossRef] [PubMed]
Nutrients 2017, 9, 499 15 of 16
81. Tjonneland, A.; Overvad, K.; Bergmann, M.M.; Nagel, G.; Linseisen, J.; Hallmans, G.; Palmqvist, R.; Sjodin, H.;
Hagglund, G.; Berglund, G.; et al. Linoleic acid, a dietary n-6 polyunsaturated fatty acid, and the aetiology
of ulcerative colitis: A nested case-control study within a European prospective cohort study. Gut 2009, 58,
1606–1611. [PubMed]
82. Ananthakrishnan, A.N.; Cagan, A.; Gainer, V.S.; Cai, T.; Cheng, S.C.; Savova, G.; Chen, P.; Szolovits, P.;
Xia, Z.; De Jager, P.L.; et al. Normalization of plasma 25-hydroxy vitamin D is associated with reduced risk
of surgery in Crohn’s disease. Inflamm. Bowel Dis. 2013, 19, 1921–1927. [CrossRef] [PubMed]
83. Hiraki, L.T.; Munger, K.L.; Costenbader, K.H.; Karlson, E.W. Dietary intake of vitamin D during adolescence
and risk of adult-onset systemic lupus erythematosus and rheumatoid arthritis. Arthritis Care Res. 2012, 64,
1829–1836. [CrossRef] [PubMed]
84. Pattison, D.J.; Harrison, R.A.; Symmons, D.P. The role of diet in susceptibility to rheumatoid arthritis:
A systematic review. J. Rheumatol. 2004, 31, 1310–1319. [PubMed]
85. Glabska, D.; Guzek, D.; Zakrzewska, P.; Wlodarek, D.; Lech, G. Lycopene, lutein and zeaxanthin may reduce
faecal blood, mucus and pus but not abdominal pain in individuals with ulcerative colitis. Nutrients 2016, 8,
613. [CrossRef] [PubMed]
86. Hu, Y.; Costenbader, K.H.; Gao, X.; Al-Daabil, M.; Sparks, J.A.; Solomon, D.H.; Hu, F.B.; Karlson, E.W.; Lu, B.
Sugar-sweetened soda consumption and risk of developing rheumatoid arthritis in women. Am. J. Clin. Nutr.
2014, 100, 959–967. [CrossRef] [PubMed]
87. Magee, E.A.; Edmond, L.M.; Tasker, S.M.; Kong, S.C.; Curno, R.; Cummings, J.H. Associations between diet
and disease activity in ulcerative colitis patients using a novel method of data analysis. Nutr. J. 2005, 4, 7.
[CrossRef] [PubMed]
88. Kashyap, P.C.; Marcobal, A.; Ursell, L.K.; Smits, S.A.; Sonnenburg, E.D.; Costello, E.K.; Higginbottom, S.K.;
Domino, S.E.; Holmes, S.P.; Relman, D.A.; et al. Genetically dictated change in host mucus carbohydrate
landscape exerts a diet-dependent effect on the gut microbiota. Proc. Natl. Acad. Sci. USA 2013, 110,
17059–17064. [CrossRef] [PubMed]
89. Maroni, L.; van de Graaf, S.F.; Hohenester, S.D.; Oude Elferink, R.P.; Beuers, U. Fucosyltransferase 2:
A genetic risk factor for primary sclerosing cholangitis and Crohn’s disease—A comprehensive review.
Clin. Rev. Allergy Immunol. 2015, 48, 182–191. [CrossRef] [PubMed]
90. Franke, A.; McGovern, D.P.; Barrett, J.C.; Wang, K.; Radford-Smith, G.L.; Ahmad, T.; Lees, C.W.; Balschun, T.;
Lee, J.; Roberts, R.; et al. Genome-wide meta-analysis increases to 71 the number of confirmed Crohn’s
disease susceptibility loci. Nat. Genet. 2010, 42, 1118–1125. [CrossRef] [PubMed]
91. Tailford, L.E.; Crost, E.H.; Kavanaugh, D.; Juge, N. Mucin glycan foraging in the human gut microbiome.
Front. Genet. 2015, 6, 81. [CrossRef] [PubMed]
92. RADS. Available online: http://www.Rads.Dk/ (accessed on 20 February 2017).
93. Armstrong, A.W.; Harskamp, C.T.; Dhillon, J.S.; Armstrong, E.J. Psoriasis and smoking: A systematic review
and meta-analysis. Br. J. Dermatol. 2014, 170, 304–314. [CrossRef] [PubMed]
94. Ibfelt, E.H.; Jensen, D.V.; Hetland, M.L. The Danish nationwide clinical register for patients with rheumatoid
arthritis: Danbio. Clin. Epidemiol. 2016, 8, 737–742. [CrossRef] [PubMed]
95. Gniadecki, R.; Kragballe, K.; Dam, T.N.; Skov, L. Comparison of drug survival rates for adalimumab,
etanercept and infliximab in patients with psoriasis vulgaris. Br. J. Dermatol. 2011, 164, 1091–1096. [CrossRef]
[PubMed]
96. Peyrin-Biroulet, L.; Sandborn, W.; Sands, B.E.; Reinisch, W.; Bemelman, W.; Bryant, R.V.; D’Haens, G.;
Dotan, I.; Dubinsky, M.; Feagan, B.; et al. Selecting therapeutic targets in inflammatory bowel disease (stride):
Determining therapeutic goals for treat-to-target. Am. J. Gastroenterol. 2015, 110, 1324–1338. [CrossRef]
[PubMed]
97. Tjonneland, A.; Overvad, K.; Haraldsdottir, J.; Bang, S.; Ewertz, M.; Jensen, O.M. Validation of a
semiquantitative food frequency questionnaire developed in Denmark. Int. J. Epidemiol. 1991, 20, 906–912.
[CrossRef] [PubMed]
98. Tjonneland, A.; Haraldsdottir, J.; Overvad, K.; Stripp, C.; Ewertz, M.; Jensen, O.M. Influence of
individually estimated portion size data on the validity of a semiquantitative food frequency questionnaire.
Int. J. Epidemiol. 1992, 21, 770–777. [CrossRef] [PubMed]
99. OPEN. Available online: http://www.Sdu.Dk/en/om_sdu/institutter_centre/klinisk_institut/forskning/
forskningsenheder/open.Aspx (accessed on 20 February 2017).
Nutrients 2017, 9, 499 16 of 16
100. Ng, P.C.; Henikoff, S. Sift: Predicting amino acid changes that affect protein function. Nucleic Acids Res. 2003,
31, 3812–3814. [CrossRef] [PubMed]
101. Quang, D.; Chen, Y.; Xie, X. Dann: A deep learning approach for annotating the pathogenicity of genetic
variants. Bioinformatics 2015, 31, 761–763. [CrossRef] [PubMed]
102. Ward, L.D.; Kellis, M. Haploreg: A resource for exploring chromatin states, conservation, and regulatory
motif alterations within sets of genetically linked variants. Nucleic Acids Res. 2012, 40, D930–D934. [CrossRef]
[PubMed]
103. Human genomics. The Genotype-Tissue Expression (GTEx) pilot analysis: Multitissue gene regulation in
humans. Science 2015, 348, 648–660.
104. Pers, T.H.; Karjalainen, J.M.; Chan, Y.; Westra, H.J.; Wood, A.R.; Yang, J.; Lui, J.C.; Vedantam, S.; Gustafsson, S.;
Esko, T.; et al. Biological interpretation of genome-wide association studies using predicted gene functions.
Nat. Commun. 2015, 6, 5890. [CrossRef] [PubMed]
105. Le, C.E.; Nielsen, T.; Qin, J.; Prifti, E.; Hildebrand, F.; Falony, G.; Almeida, M.; Arumugam, M.; Batto, J.M.;
Kennedy, S.; et al. Richness of human gut microbiome correlates with metabolic markers. Nature 2013, 500,
541–546.
106. Cotillard, A.; Kennedy, S.P.; Kong, L.C.; Prifti, E.; Pons, N.; Le Chatelier, E.; Almeida, M.; Quinquis, B.;
Levenez, F.; Galleron, N.; et al. Dietary intervention impact on gut microbial gene richness. Nature 2013, 500,
585–588. [CrossRef] [PubMed]
107. Osler, M.; Linneberg, A.; Glumer, C.; Jorgensen, T. The cohorts at the research centre for prevention and
health, formerly ‘the glostrup population studies’. Int. J. Epidemiol. 2011, 40, 602–610. [CrossRef] [PubMed]
108. Tjonneland, A.; Olsen, A.; Boll, K.; Stripp, C.; Christensen, J.; Engholm, G.; Overvad, K. Study
design, exposure variables, and socioeconomic determinants of participation in diet, cancer and health:
A population-based prospective cohort study of 57,053 men and women in Denmark. Scand. J. Public Health
2007, 35, 432–441. [CrossRef] [PubMed]
109. De Wit, M.P.; Berlo, S.E.; Aanerud, G.J.; Aletaha, D.; Bijlsma, J.W.; Croucher, L.; Da Silva, J.A.; Glusing, B.;
Gossec, L.; Hewlett, S.; et al. European league against rheumatism recommendations for the inclusion of
patient representatives in scientific projects. Ann. Rheum. Dis. 2011, 70, 722–726. [CrossRef] [PubMed]
110. Kappelman, M.D.; Long, M.D.; Martin, C.; DeWalt, D.A.; Kinneer, P.M.; Chen, W.; Lewis, J.D.; Sandler, R.S.
Evaluation of the patient-reported outcomes measurement information system in a large cohort of patients
with inflammatory bowel diseases. Clin. Gastroenterol. Hepatol. 2014, 12, 1315.e2–1323.e2. [CrossRef]
[PubMed]
111. Cheung, P.P.; de Wit, M.; Bingham, C.O., III; Kirwan, J.R.; Leong, A.; March, L.M.; Montie, P.;
Scholte-Voshaar, M.; Gossec, L. Recommendations for the involvement of patient research partners (PRP) in
OMERACT working groups. A report from the OMERACT 2014 working group on PRP. J. Rheumatol. 2016,
43, 187–193. [CrossRef] [PubMed]
112. Feldmann, M.; Maini, S.R. Role of cytokines in rheumatoid arthritis: An education in pathophysiology and
therapeutics. Immunol. Rev. 2008, 223, 7–19. [CrossRef] [PubMed]
113. Pazyar, N.; Feily, A.; Yaghoobi, R. An overview of interleukin-1 receptor antagonist, anakinra, in the treatment
of cutaneous diseases. Curr. Clin. Pharmacol. 2012, 7, 271–275. [CrossRef] [PubMed]
114. Furst, D.E. Anakinra: Review of recombinant human interleukin-I receptor antagonist in the treatment of
rheumatoid arthritis. Clin. Ther. 2004, 26, 1960–1975. [CrossRef] [PubMed]
115. Atzeni, F.; Ventura, D.; Batticciotto, A.; Boccassini, L.; Sarzi-Puttini, P. Interleukin 6 blockade: Tocilizumab in
psoriatic arthritis. J. Rheumatol. Suppl. 2012, 89, 97–99. [CrossRef] [PubMed]
116. Mesquida, M.; Leszczynska, A.; Llorenc, V.; Adan, A. Interleukin-6 blockade in ocular inflammatory diseases.
Clin. Exp. Immunol. 2014, 176, 301–309. [CrossRef] [PubMed]
© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
